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(54) NICKEL-BASE SINGLE CRYSTAL SUPERALLOY 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nickel-base single crystal 
superalloy capable of raising the melting point and improving heat 
resistance such as creep rupture strength by adding hafnium whose 
addition as strengthening element in large amounts is unprecedented. 
SOLUTION: This alloy has a composition consisting of, by weight, 2-7% 
rhenium, 0.5-5.0% molybdenum, 2.0-6.0% tungsten, 0-5.0% chromium, 
3.0-6.0% aluminum, 3.0-8.0% tantalum, >0-5.0% hafnium, and the 
balance nickel with Incidental impurities. By the addition of hafnium In 
an amount ranging from >0 to 5.0 wt.%, particularly in a large amount 
ranging from 0.15 to 5.0 wt.%, the melting point can be raised and also 
solid-solution strengthening can be attained, and heat resistance such 
as creep rupture strength can be improved. 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by con^uter. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Rhenium: Nickel radical single crystal superalloy characterized by consisting of 2 - 7 % of the weight, molybdenum:0.5-5.0 
% of the weight, tungsten: 2.0-6.0 % of the weight, chromiiim:0-5.0 % of the weight, aluminum:3. 0-6.0 % of the weight, tantalum:3.0- 
8.0 % of the weight, hafnium: 0<-5.0 % of the weight, and the nickel and the accidental impurity of the remainder. 



[Translation done.] 
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* NOTICES * 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About nickel radical single crystal superalloy, this invention adds a hafnium and aims at heat-resistant 

improvement 

[0002] 

[Description of the Prior Art] As an ingredient used for those as which the thermal resistance to high temperature is required, such as a 
turbine blade of a gas turbine engine, and a vane, the nickel base superalloy is known from the former. 

[0003] As this nickel radical single crystal superalloy, as the 1st generation, conventionally A tungsten, By developing what heavy 
elements, such as molybdenum and a tantalum, were added [ what ] and raised the reinforcement in a grain, and adding a rhenium 2.8 
to 3.2% of the weight as nickel radical single crystal superalloy of the second generation further Compared with the thing of the 1st 
generation, an usable thing is developed and it is commercially known for temperature high about 25 degrees C as CMSX-4 alloy of 
U.S. canon MUSUKEGON. 

[0004] Moreover, development of the thing of the further excellent third generation is performed from the nickel radical single crystal 
superalloy of the second generation, and the nickel radical single crystal superalloy which has improved the mechanical property by 
making [ more ] the content total amount of the tungsten + rhenium + molj^denum + tantalum which is a fireproof element is 
indicated by JP,7-138683,A. 
[0005] 

[Problem{s) to be Solved by the Invention] However, much more improvement in the engine performance to the heat-resistant 
temperature of a configuration member is indispensable to improvement in the engine performance of a gas turbine engine, and much 
more improvement in the creep-iupture reinforcement which is one of the properties about thermal resistance has been a technical 
problem especially. 

[0006] The melting point is gone up by adding so much the hafnium which was made in order that this invention might solve the 
technical problem which this conventional technique has, and does not have the example added so much as a strengthening element 
until now, and it is going to offer the nickel radical single crystal superalloy which can aim at heat-resistant improvement, such as 
creep-rupture reinforcement. 

[0007] 

[Means for Solving the Problem] Nickel radical single crystal superalloy is gamma-phase [ which is the matrix which consists of 
nickel ], and a gamma'phase (it consists of nickel 3 (aluminum and Ti).) which consists of an intermetallic compound of an alloy 
element- 

[0008] The invention in this application is completed by it turning out that the high temperature strength of gamma'phase improves 
remarkably, and adding a lot of hafniums to nickel radical single crystal superalloy by adding the hafnium with which addition is 
disliked for a reaction with mold arising until now etc., by research of the intermetallic-compound simple substance of gamma'phase 
which constitutes such nickel radical single crystal superalloy. 

[0009] in order [ namely, ] to solve the technical problem which the above-mentioned conventional technique has - the nickel radical 
single crystal superalloy of this invention ~ rhenium:2-7 % of the weight, molybdenum: 0.5-5.0 % of the weight, and tungsten: - 2.0 - 
6.0 % of the weight, chromium: 0-5.0 % of the weight, aluniinum:3. 0-6.0 % of the weight, and tantalum: - it is characterized by 
consisting of 3.0 - 8.0 % of the weight, hafhium:0<-5.0 % of the weight, and the nickel and the accidental impurity of the remainder. 
[0010] According to this nickel radical single crystal superalloy, while the melting point rises a hafnium by the range of 0<-5.0 % of 
the weight, especially 0.15 - 5.0% of the weight of a lot of addition, solid solution strengthening is attained and improvement in heat- 
resistant properties, such as creep-rupture reinforcement, can be aimed at 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of the nickel radical single crystal superalloy of this invention is 

explained to a detail. 

[0012] this nickel radical single crystal superalloy - rhenium:2-7 % of the weight, molybdenum:0. 5-5.0 % of the weight, and tungsten: 
- 2.0 - 6.0 % of the weight, chromium: 0-5.0 % of the weight, aluminum: 3. 0-6.0 % of the weight, and tantalum: - it consists of 3.0 - 
8.0 % of the weight, hafhium:0<-5.0 % of the weight, and the nickel and the accidental impurity of the remainder. 
[0013] When each of the alloying element of this nickel radical single crystal superalloy is explained, a rhenium is contained two to 
7% of the weight first. While solid solution strengthening is made by addition of this rhenium, effectiveness is to raise melting 
initiation temperature. 

[0014] Molybdenum is contained 0.5 to 5.0% of the weight. A rhenium is not effective although solid solution strengthening is made 
by addition of this molybdenum. 

[0015] A tungsten is contained 2.0 to 6.0% of the weight. While solid solution strengthening is made by addition of this tungsten, by 
it, it contributes to strengthening of gamma primary phase. Moreover, effectiveness is to raise the melting initiation temperature of an 
alloy. 

[0016] Chromium is ah arbitration alloying element and is contained zero to 5.0% of the weight. By addition of this chromium, it 
contributes to the improvement in elevated-temperature-proof corrosive. 

[0017] Aluminum is contained 3.0 to 6.0% of the weight. This aluminum is main elements which constitute gamma primary phase, 
and oxidation resistance and precipitation strengthening are made by addition of this aluminum. 

[0018] A tantalum is contained 3.0 to 8.0% of the weight. Solid solution strengthening is made by addition of this tantalum. 
[0019] A hafnium is contained 0<- 5.0% of the weight, and is 0.15 - 5.0 % of the weight preferably. This hafiiium is added so much 
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compared with old nickel radical single crystal superalloy, and solid solution strengthening is attained by these the addition of a lot of. 
[0020] With the one direction coagulation alloy, this hafnium is added in order to prevent the intercrystalline crack produced in the 
cooling process after the completion of coagulation, and it is thought that strengthening of some of gamma'phase itself is made. 
[0021] The remaining part of the alloying element of this nickel radical single crystal superalloy consists of nickel and an accidental 
impurity. This accidental impurity enters in a industrial manufacture process, and that amount of mixing should be stopped as much as 
possible. 

[0022] The nickel radical single crystal superalloy which consists of such an alloying element can be obtained by single-crystal-izing 
fliis with mold etc. using the melting stock beforehand ingoted to the target system, and the component analysis result after single- 
crystal[ which was obtained ]-i2ing is also checking that the thing as a target system is obtained. Moreover, although a prototype was 
built for this single crystal-ization using the large-sized furnace of industrial level, especially the problem on a prototype was not 
produced about single-crystal-izing and fluidity. 

[0023] In this way, the nickel radical single crystal superalloy obtained In order fliat many molybdenum, rheniums, tungstens, etc. 
dissolving, especially single crystal-ization may control a temperature gradient and a coagulation rate by the dendrite solidification 
range, There is a difference in that solidifying segregation is not avoided and the segregation coefficient in a solid-liquid interface with 
an alloy element. Since a remarkable concentration gradient arises on the outskirts of the last coagulation section within a dendrite, 
using diffusion of a component element, solution-ization by a setup of a suitable programming rate or holding-time setup is performed 
on a multistage story, and solution treatment in the maximum elevated-temperature temperature is performed. For example, they are 
20 degrees C / min about a temperature up and a temperature fall rate at single crystal material with casting. What is necessary is to 
carry out and just to set up the solution treatment conditions in the maximum elevated-temperature temperature in 1340 degrees C and 

3 hours. 

[0024] Moreover, aging treatment is performed after solution treatment if needed. For example, 1080 degrees C and aging treatment of 

4 hours are performed after the above-mentioned solution treatment. 

[0025] Compared with what does not add a hafnium in a 600-1000-degree C elevated temperature tensile test in such nickel radical 
single crystal superalloy, an improvement effect is remarkable and it is 1000 degree-C/200MPa. And 1050 degree-C/140MPa The 
remarkable effectiveness by hafhium addition was accepted also in the creep rupture test. 

[0026] Moreover, in measurement of Young's modulus, it was a value comparable as the nickel radical single crystal superalloy of the 
second generation. 

[0027] As mentioned above, while according to this nickel radical single crystal superalloy solid solution strengthening is attained by 
abundant addition of a hafhium and the melting point rises by it, improvement in heat-resistant properties, such as creep-rupture 
reinforcement, can be aimed at. 

[0028] Therefore, much more improvement in the engine performance can be aimed at by using this nickel radical single crystal 
superalloy as ingredients with which the thermal resistance to high temperature is demanded, such as a turbine blade of a gas turbine 
engine, and a vane. 
[0029] 

[Example] Hereafter, although one example of the nickel radical single crystal superalloy of this invention is explained with the 
example of a comparison, this invention is not limited to these examples at all. 

[0030] Except that the hafhium was not added the example (STDHf) of a target system shown in Table 1 as nickel radical single 
crystal superalloy of this invention, and for the comparison, the thing of the same target system was prepared as an example (STD) of 

a comparison. 

[0031] 10kg beforehand ingoted about the superalloy of an example (STDHf) and each example (STD) of a comparison The mold of 
the 13mm phix 100mm round bar performed single crystal-ization using the melting stock. 

[0032] And as it analyzed about the chemical entity after single-crystal-izing and was shown in Table 1, it checked that it was a 
chemical entity as a target mostly. 
[0033] 
[Table 1] 
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[0034] In this way, in the case of the example of a comparison, as solution treatment temperature using differential thermal analysis is 
presumed and single crystal material with obtained casting is shown in drawing 1 as the result, they are 20 degrees C / min about each 
of temperature ups and temperature fall rates. It carried out. 

[0035] Moreover, although the illustration abbreviation was carried out as a result of gazing at the microstructure of single crystal 
material with casting, solidifying segregation was shown and the dendrite core was accepted clearly. 

[0036] And in view of the solution treatment conditions in the maximum elevated-temperature temperature, it set to the differential- 
thermal-analysis result, the observation result of a microstructure, etc. in 1340 degrees C and 3 hours. 

[0037] Consequently, although the illustration abbreviation was carried out, the good solution-ized organization where eutectic 
gamma/gamma ' dissolved completely was obtained. 

[0038] In addition, with the hafhium add-in material of an example, what carries out liquation was seen about some samples the 

process until it completes the solution treatment in the maximum elevated-temperature temperature. 

[0039] Furthermore, 1080 degrees C and aging treatment of 4 hours were performed after this solution treatment. 

[0040] In this way, about the example and the example of a comparison which were acquired, the elevated temperature tensile test, the 
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creep rupture test, and the measurement trial of Young's modulus were performed for characterization. 

[0041] it is drawing 2 which showed the result of an elevated temperature tensile test, and it is clear from this drawing - as - the 
range to 600-1000 degrees C - it turns out that it is and the elevated-temperature tractive characteristics of the example of hafiiium 
addition are remarkably improved compared with the example of a comparison. 

[0042] Moreover, 1000 degree-C7200MPa And 1050 degree-C/140MPa It is drawing 3 which showed the creep rupture test result, and 
compared with the example of a comparison, it is improved remarkably and the creep rupture time of the example of hafnium addition 
is improved also 4 to 4.6 times so that clearly from this drawing. 

[0043] Since the improvement of an elevated-temperature property was accepted by addition of a hafiiium also in the single crystal 
alloy with which a grain boundary does not exist from these elevated temperature tensile tests and a creep rupture test result, hafiiium 
addition is guessed that possibility of having contributed to strengthening of the gamma'phase itself is high. 

[0044] As a measurement trial of Young's modulus, a room temperature (RT), 900, and the Young's modulus of 1000 or 1 100 degrees 
C were measured, and the result was shown in drawing 4 . 

[0045] In addition, it asked for measurement of Young's modulus with the resonance method using the sample with the thickness of 
2mm, a width efface [ of 10mm ], and a die length of 100mm with the intemal-fiiction measuring device made from vacuum science 
and engineering. 

[0046] Consequently, although the Young's modulus of the example of a comparison and an example is almost equivalent and that 
absolute value also showed the lower value in the room temperature as compared with the value of the nickel radical single crystal 
superalloy of the second generation, in 600-1 100 degrees C showed the high value rather. 
[0047] 

[Effect of the Invention] As mentioned above, as concretely explained with the gestalt of 1 operation, while the melting point rises a 
hafnium by the range of 0<-5.0 % of the weight, especially 0.15 - 5.0% of the weight of a lot of addition according to the nickel 
radical single crystal superalloy of this invention, solid solution strengthening is attained and improvement in heat-resistant properties, 
such as creep-rupture reinforcement, can be aimed at. 

[0048] Therefore, much more improvement in the engine performance can be aimed at by using this nickel radical single crystal 
superalloy as ingredients with which the thermal resistance to high temperature is demanded, such as a turbine blade of a gas turbine 
engine, and a vane. 



[Translation done.] 
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♦ NOTICES * 

JFO and NCIPI ace not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

Prawing 1] It is the graph which shows the differential-thermal-analysis result of fhe nickel radical single crystal superalloy of the 
example of a comparison which does not add a hafnium. 

Prawing 2"! It is the graph which shows the elevated temperature tensile test result of one example of the nickel radical single crystal 
superalloy of this invention. 

Prawing 3] It is the graph which shows the creep rupture test result of one example of the nickel radical single crystal superalloy of 

this invention. 

Prawing 4] It is the graph which shows the Young's modulus measurement test result of one example of the nickel radical single 

crystal superalloy of this invention, 

pescription of Notations] 

STDHf Example (hafnium addition) 

STD Example of a comparison (hafiiium addition is not carried out) 
[Translation done.] 
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DRAWINGS 




[Drawing 4] 
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[Drawing 2] 
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(54) NICKEL-BASE SINGLE CRYSTAL SUPERALLOY 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a nickel-base single 
crystal superalloy capable of raising the melting point and 
Improving heat resistance such as creep rupture strength by 
adding hafnium whose addition as strengthening element in large 
amounts is unprecedented. 

SOLUTION: This alloy has a composition consisting of, by weight, 
2-7% rhenium. 0.5-5.0% molybdenum, 2.0-6.0% tungsten, 0-5.0% 
chromium, 3.0-6.0% aluminum, 3.0-8.0% tantalum, >0-5.0% hafnium, 
and the balance nickel with incidental impurities. By the addition of 
hafnium in an amount ranging from >0 to 5.0 wL%, particularly in a 
large amount ranging from 0.15 to 5.0 wt.%, the melting point can be 
raised and also solid-solution strengthening can be attained, and 
heat resistance such as creep rupture strength can be improved. 
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